INTRODUCTION
polymorphism located in 3' UTR region. The 40bp sequence of 3 to 13 repetitions was identified, however, the most frequently occurring variants had 9 or 10 repeated sequences [28] . Nevertheless, contradictory reports concerning polymorphic variants and DAT1 transcription level were also observed in this case [29, 30] .
The goal of the present study was to investigate the personality traits in elite combat athletes and healthy controls with respect to variable number of tandem repeats (a 48 bp unit) in the third exon of the DRD4 gene.
MATERIALS AND METHODS

Materials
The study was conducted among healthy (non-dependent and non- 
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The procedures followed in the study were conducted in accordance with the principles of the World Medical Association Declaration of Helsinki and were approved by the Bioethics Committee for Clinical Research at the Regional Medical Chamber in Gdansk, Poland. All participants were provided with an information sheet concerning study particulars, including the purpose of the study and the procedures involved, in addition to the possible risks and benefits associated with participation. All participants provided written informed consent to genotyping with the understanding that it was anonymous and that the obtained results would be confidential.
Methods
Personality Traits
All participants were tested using the NEO Five-Factor Personality Inventory (NEO-FFI) and, the State-Trait Anxiety Inventory (STAI) questionnaires. The results of these were both given on the sten scale.
The NEO Five Factor Inventory questionnaire is used to diagnose personality traits, which are included in the five-factor model defined of particular personality traits among others. This example of such modification could be a shortage of dopamine that results in significantly influencing "novelty-seeking" behaviors expressed in the form of constantly searching for new "thrills". The effect is functional modification of dopaminergic system [5, 6, 7, 8] . Another factor which exerts influence by modulating the dopaminergic pathway, and consequently sporting achievement, is visual perception, which is probably one of the key determinants in combat sports. Dopamine, which is a chemical analogue of light, affects the paracrine neurotransmitter in the retina, whereas receptors D2 and D4 of photoreceptor cells control illumination-related processes, among which melatonin biosynthesis, opsin expression in cone cells or the level of cAMP inside receptors [9] are included.
Personality significantly influences behavior, life-style and also the maintenance of healthy habits in a lifetime. Current research concerning personality concentrates on the model that is constructed of the so called Big Five [10, 11, 12, 13] , which consists of: Openness, Conscientiousness, Extraversion, Agreeableness and Neuroticism domains. These 5 traits isolate differences among people which influence emotions, motivation and cognition [14] . Currently, to analyze these personality traits, the NEO personality inventory (NEO-FFI) is employed.
The high novelty-seeking or 'risk-taking' personality trait was previously correlated with genetic variants within genes encoding dopamine receptors [15] . These dopamine receptors, including D2 and D4 receptor subtypes, are involved in dopamine neurotransmission and may modulate memory, behaviour and executive function [16] .
It has also been suggested that dopamine neurotransmission is connected with novelty-seeking [17, 18] , which is defined as "excitement to novel stimuli" in relation with dependence [19, 20] and relapse [21] . Also, extraversion is a trait connected with the functioning of the dopaminergic system. As dual research shows, the traits are related with genetics in different ranges -from 25% to 61% [21, 22] . Both novelty-seeking and extraversion are correlated with receptor 4 of the dopamine gene (DRD4) as indicated in research on healthy [23] and research dependent [24] subjects. However, other research does not seem to confirm this association [25] .
The DRD4 gene encodes the dopamine D4 receptor and is expressed in the cognitive and emotional areas of the limbic system and is located on chromosome 11 (locus p15.5). A variable number of tandem repetitions (VNTR) located in the 3rd exon is one of the most frequently investigated polymorphisms of the gene. To date, association has been demonstrated for 2 of the 10 repeated 48bp sequence variants, showing influence on length of the third intracellular loop receptor D4. Interestingly, polymorphic variants influence the expression of these genes in a different manner [26] . Asghari [27] , in his work, indicates diversified sensitivity in relation to endogenous dopamine depending on the length of the variant coding for the particular receptor. Dopamine transporter gene DAT1, which is another key element of the dopaminergic system, is located in chromo- 
Genetic analyses
For the genetic assays, blood was collected into tubes with EDTA 
Statistical analysis
Concordance between the genotype frequency distribution and Har- Table 3 ).
The results of 2x3 factorial ANOVA of the NEO Five-Factor Personality Inventory (NEO-FFI) and the State-Trait Anxiety Inventory (STAI) sten scales are summarized in Table 4 . We found a significant result when comparing groups (elite athletes vs controls) for Openness (F1,296=16.3, p=0.00007) and Conscientiousness (F1,296=10.3, p=0.001), accounting for 5.2% and 3.4% of variance, respectively. In addition to those findings, we found group x DRD4 genotype interactions: for Openness (Figure 1 , F2,296=5.01, p=0.007) and Conscientiousness (Figure 2 , F2,296=4.18, p=0.016) responsible for 3.3% and 2.7% phenotypic variation, respectively. Post-hoc analysis is shown in Table 5 . was significantly higher in the athletes compared with control individuals, yet the difference was evident only in carriers of the S/S genotype. It is not clear whether this is only a statistical phenomenon or a reflection of true biological interaction. The relationship between personality and exercise capacity has long been of interest to sport psychologists [42] . Elite athletes competing at the national and international level were found to have lower levels of neuroticism than non-elite athletes, whereas the level of conscientiousness and agreeableness was higher [43] . In another study, athletes scored higher than non-athletes for conscientiousness, but other personality traits did not differ significantly between the groups [42] . Thus, although our study is similar to previous studies with respect to the association between Conscientiousness and elite status, it is not clear whether the S allele, linked to higher scores of Conscientiousness [32] , plays any role in the observed interaction pattern.
Studies investigating the DRD4 variants with respect to personality dimensions in a specialized cohort of athletes are scant [44, 45, 46] .
In 2013, Thomson et al. [46] reported a significant association 
CONCLUSIONS
Engaging in high-risk sport (e.g. snowboarding, parachuting, martial arts) may be associated with several personality characteristics. In the present study, we found an interaction between the dopamine D4 receptor gene VNTR polymorphism and athletic status in two major NEO-FFI factors: Openness and Conscientiousness. The DRD4 exon 3 polymorphism may be associated with the NEO Openness and Conscientiousness domains in martial arts athletes, thereby modulating athletes' predisposition to participate in high risk sport.
As a majority of personality traits have been linked to genetic factors, behavioral genetic studies and personality genetics represent a new promising area of research aimed at obtaining a better understanding of athletic motivation and behavior.
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UMO
However, given the link between novelty seeking and openness to experience (and extraversion) [36] ) our results may seem contradictory to previous findings that suggest an association between novelty seeking and the long allele of the DRD4 VNTR [11, 32, 33] . On the other hand, the correlation between novelty seeking and NEO-EFI openness domain may not be straightforward. According to Gocłowska et al. [36] , "both openness and extraversion are linked to novelty in a unique way, with each of the other traits explaining a somewhat different portion of variance in novelty seeking behavior". Also, many recent studies have not found any associations between the DRD4 exon 3 polymorphism and novelty seeking or extraversion [37.38] .
A recent meta-analysis of studies of the association between the DRD4 VNTR and DRD4 promoter polymorphism (-521 C/T) and several approach-related traits including novelty seeking, extraversion and impulsivity revealed that only a promoter variant may be associated with novelty seeking and impulsivity [39] . Moreover, in a genomewide association study of the FFM of personality traits in young Korean women, none of the NEO-FFI major factors were associated with the DRD4 gene [40] . Benjamin et al. [32] reported that the presence of the 7-repeat allele was also associated with lower NEO Conscientiousness scores. However, subsequent studies failed to confirm this initial finding [25, 34] . Moreover, Paterson et al. [41] pointed out some methodological flaws in the original association studies. In the present study we did not find any DRD4 VNTR genotype dependent diferences in NEO Conscientiousness scores in the elite athletes or control individuals. However, this personality domain
